The detection of primary cosmic ray electrons with energies above 1 TeV implies the existence of a nearby, r ( 100 pc, and relatively young, t ( 10 yr, source(s) of accelerated electrons. Therefore a correct treatment of the formation of the spectra of electrons during their propagation in the interstellar medium requires a separate consideration of the contribution of one (or a few) nearby source(s) from the contribution of distant (R & 1 kpc) sources. To implexnent this approach, the problem of energy-dependent diffusive propagation of relativistic particles from a single source is considered, and the analytical solution to the diffusion equation in the general case of arbitrary energy losses and injection spectrum of primary particles is found. We show that in the framework of the proposed two-component approach, i.e. , separating the contribution of the local (discrete) source(s) from the contribution of distant sources, it is possible to explain all the locally observed features of the energy spectrum of cosmic ray electrons from sub-GeV to TeV energies. In addition, assuming that the local source produces electrons and positrons in equal amounts, the model allows us to explain also the reported increase of the positron content in the Bux above 10 GeV. PACS number(s): 98.70.Sa, 52.25. Dg, 97.60.Gb 
I. INTRODUCTION
It is commonly believed that the energy spectrum of the electron component of cosmic rays (CR's) as is observed in the solar system, at least its energy spectrum above 1 GeV, can be explained in the framework of standard (leaky-box or difFusion) galactic CR propagation models (for reviews, see, e.g. , [1, 2] ). However, the measured content of positrons in the total electron Hux, C+ --e+i(e +e+), at least at high energies E & 10 GeV, is regarded as a possible "enigxna" [3] awaiting an explanation. The key problem here is to explain the sharp increase of the &action of positrons above 10 GeV, reaching values that exceed 10% This is . almost an order of magnitude larger than expected for the positrons produced in interactions of CR s with interstellar gas nuclei. Therefore it is obvious that some other source of positrons is needed. In the &amework of standard CR propagation models, assuming continuous and homogeneous distribution of CR sources in the Galaxy, the sharp increase of C+ above 10 GeV should be essentially associated with the production spectrum of high-energy positrons. In fact, a few models with a high-energy threshold of positron production have been suggested. Their disadvantage is that they invoke either hypothetical physical processes [e.g., annihilation of weakly interacting massive particles, (WIMP's) [4, 5] ] or special circumstances [e.g. , production of (e+, e ) pairs near compact 7-ray sources by the p rays interacting with optical-UV photons assumed to be produced in the saxne sources [6] ], and therefore they are not generally accepted.
Actually, the severe constraint on the positron production spectrum may disappear when inhomogeneous (or single source) models are concerned. Moreover the validity of spatially homogeneous and temporally continuous source models is signi6cantly limited for CR electrons, at least in the very high-energy region (e.g., see [7 -10] ). Indeed, the observed energy spectrum of CR electrons extends without indication of a cutofF up to E -2 TeV [11] . The radiative (Compton and synchrotron) cooling time of 2-TeV electrons in the interstellar medium (ISM) is only about 10 yr. In combination with the conventional CR diffusion coefFicient this limits the distances to sources to no more than several hundreds of parsecs [7, 10] . Thus, the sources of TeV electrons are limited both in time and space: we see electrons produced recently, and in sources distributed in the local environment. Most probably there are only a few (if not indeed only one) discrete sources responsible for the flux observed. Therefore a single-8ource rather than a continuously distributed multiple-source approach should be applied to high-energy electrons. This statement does not exclude that the lower-energy electrons observed result &om contributions of many distant sources. In this paper we propose the following two-component model: (i) the bulk of electrons, consisting mainly of e is produced in distant (& 1 kpc) sources, distributed more or less uniformly both in space and time in the Galaxy; (ii) in addition, there is one (or a few) nearby (at distances r 100 pc) and relatively young (t ( 10s yr) source(s) of very high-energy electrons with a spectrum that extends beyond 1 TeV.
The idea of separation of the contributions of distant and nearby sources to the total Bux of high-energy elec-0556-2821/95/52{6)/3265(11)/$06. 00 52 3265 1995 The American Physical Society trons was discussed earlier by Shen [7] , Shen and Mao [8] ,
and Cowsik and Lee [9] (initially for CR protons and nuclei by Lingenfelter [12] ). However, there are significant differences between our approach and the previous ones.
The main difference is that in this paper we study the energy-dependent diffusive propagation of electrons &om a nonstationary point source while earlier only the case of energy-independent difFusion was considered. We present the Green's function solution for the nonstationary equation of the energy-dependent diffusion of particles &om a single source in the case of arbitrary injection spectrum and an arbitrary energy loss. The solution has a simple analytical form which allows one to analyze easily the case of difFusion of particles &om sources distributed in space and in time.
We show that in the &amework of the proposed twocomponent approach, consisting in separation of the contributions of the local source(s) from the contribution of distant sources (assumed to be continuously distributed in the Galactic disk), it is possible to explain all the locally observed features of the energy spectrum of cosmic ray electrons &om sub-GeV to TeV energies. In addition, assuming that the local source is an accelerator of (e+, e ) pairs, the model allows one to explain also the (14) Here po --2m(e2/m, c2) 2cA;n 6 x 10 n s is for the ionization losses (A, 30 -50 being a weak logarithmic function of p, e.g. , [1] ) of the electrons in a neutral interstellar gas with number density n (in units of cin s).
The second term with p~1 0 n s corresponds to the bremsstrahlung energy losses (for relevant analytical expressions see [17] ), and the last one, with p2 --5.2 x 10 1 eV cms (15) and DUO It is worth noticing that in the case of energyindependent difFusion (i.e., h = 0) Eqs. (18) and (19) come to the solution obtained earlier by Berkey and Shen [18] , which has been used further on by Shen [7) and Shen and Mao [8] to analyze the spectra of high-energy CR electrons from nearby sources. A similar analysis has been done also by Cowsik and Lee [9] . We should emphasize, however, that in those earlier studies only the energy-independent diffusion was considered. In this particular case the spectra of electrons injected into the ISM &om a point source, and reaching the observer at different times, just repeat (except for the abrupt cutofF at p ) p, "q) in their form the primary spectra of electrons.
As it follows &om our analysis below, energy-dependent difFusive propagation results in a significant modification of the nonstationary energy spectra of electrons. Notice that this very feature becomes the key point for the subsequent explanation of both the energy spectra and the charge composition of CR electrons observed.
It follows &om Eqs. (18) and (19) that starting only &om energies p & 0.5p "q the energy losses become significant, resulting in sharp cutoff of the spectra of electrons at p & p,"q. Since this transition takes place in a rather narrow energy range, p =(0.5 -1)7,"i (see Fig. 1 [12] . The essential difference is that for the energy-dependent diffusion the time t of the maximal Aux of electrons is different for electrons with different energies, which results in a signi6cant time-dependent modi6cation of the spectra of primary particles.
Except for the abrupt cutofF at energies p ) p,"i(t), the modification of the energy spectra of electrons as compared with the primary spectra, is described by the 3 -2 factor G(p, t) = sse ', and depends only on one parameter, s = r/rg;g. For energy-independent diffusion (h = 0) this parameter is energy independent as we11. The standard interpretation of the Quxes of CR electrons is based on the assumption of a continuous and uniform distribution of the sources in the Galaxy. Both leaky box and di-ffusion models satisfactorily explain the observed energy spectrum of electrons (e.g., [11, 19] ). An example of a typical fit to the experimental data in the framework of these models is presented in Figs. 2(a) and 2(b) (solid curves). In the case of stationary injection of electrons into the ISM &om the sources continuously distributed in the Galaxy, the equilibrium spectrum of electrons depends weakly on the real geometry of the source distribution, the main modification of the primary spectrum being due to energy losses. In particular, in the energy region 0. GeV. The spectra in Fig. 3(a) are calculated assuming Dqq --0.7 x 102s cm2/s, such that s(10 GeV) = 1 for t = 10 yr. The spectra are normalized to the observed total Qux of electrons at E = 10 GeV.
Another important parameter which characterizes high-energy electrons is the ratio C+ = e+/(e + e+).
The reported experimental results shown in Fig. 3 Fig. 3(b) . We have normalized the sum of the theoretical G and I spectra to the measured Qux, and.
the theoretical positron-to-electron ratio, 0.5L/(G + L), In fact, only the electrons in a relatively narrow energy range E (10 -100) GeV are efFectively reaching us from distances beyond 1 kpc.
In the case of burstlike injection a prominent feature of the energy spectra of electrons is a sharp cutoff at energies E & E,"q --m c p,"q depending on the age of the local nearby source [see Fig. 3(a) ]. As we discussed in Sec. III, this feature is absent if the source would eKciently produce high-energy electrons during a time interval comparable with its age. This can be seen in Fig. 4 where the dashed line corresponds to the energy spectra of electrons &om the source of age t = 10 yr located at distance r = 100 pc stationarily injecting into the Fig. 4 ) the total energy output in primary electrons providing the same Hux of positrons at 10 GeV is almost the same, E--6.2 x 10 erg. It is obvious &om Fig. 4 that the Bux of electrons &om the stationary source of positrons would exceed the observed ffux already at energies & 100 GeV (provided we would not assume a steepening of the primary spectrum at high energies) .
In As it is seen from Fig. 4 , the characteristic feature of the energy spectra of electrons resulting &om this time-dependent injection is the abrupt drop at energies E = E,"q(t) depending on the age of the source. The amplitude of the drop essentially depends on the duration of the characteristic time 7; of efFective production of relativistic electrons. In the case of large w, /t 0.1 this depth is relatively small (curve 1), since in this case still a significant &action of electrons of very high energies is just &eshly produced, at times & 10 yr. For shorter 7 . , the cutofF is more pronounced. The initial luminosities Lo in Eq. (24), normalized to the observed ffux of positrons at 10 GeV, are equal to 2.0 x 10s erg/s, 1 .94 x 10ss erg/s, and 1.9 x 10ss erg/s for the curves 1, 2, 3, respectively, resulting in the same total energy output E&~= 6 x 10 erg as in the cases of burstlike or stationary injections.
We point out that in the &amework of the magnetic dipole model of the pulsar the "decay" time 7; = t(O/Q, )2, where 0 and 0; are the present and initial angular velocities of the pulsar, respectively (e.g., see [32] Fig. 3(a) Fig. 3(a) ]. However, if the charge composition of the L component is difFerent &om the one of the G-component electrons, then the transition &om the G-component to the I-component electrons will be seen in the ratio e+/(e + e+). In this case above 10 GeV one has to expect strong increase of the e+/(e + e+), reaching the value 0.5 at energies E 1 TeV [see Fig. 3(b) [38] we discussed the possibility to attribute the observed Qux of positrons to a nearby pulsar, for example Geminga. Thus, the high content of highenergy positrons in the electron Qux leads to the conclusion that the nearby source should have a different origin than the bulk of sources (producing mainly negatrons) spread over the Galaxy and responsible for the G component. This rather strong (in fact, model-independent) conclusion implies a deviation of our local environment &om the galactic "average" which is not straightforward, but cannot be excluded. Obviously, this statement needs further confirmation of the high positron Qux. Future measurements will clarify the origin of the nearby source of TeV electrons.
